The neglected annihilation contributions in the Wilson loop formalism of Eichten and Feinberg are defined and calculated. An annihilation time scale is introduced to discriminate the glueball contributions from true annihilation contributions to isoscalar-pseudoscalar meson states. In this formalism, it is found that there is no mixing between two quarkonium states with different quark masses through annihilation diagram. In a fixed state the annihilation contributions oscillate as functions of the annihilation time scale, and so provide a possible mechanism to shift the mass of 7 upward, instead of downward as in the QED case.
INTRODUCTION
angles between isoscalar mesons. Only qualitative arguments' and crude approximation methods5 are known to estimate the mixings, and one major problem to be overcome is the treatment of the quark and anti-quark bound state.
The description of bound states between a quark and an anti-quark pair cannot be done as in the QED case because the exact form of confining potential has not been obtained from first principles. In QCD, the static potential results from an infinite set of graphs through the interactions of full Yang-Mills couplings, and so we have to introduce an approximation method to treat these infinite graphs. One method is to calculate directly by computers on suitably chosen lattices. However, in this method, there exist restrictions on the number of lattice sites and only quenched approximation cases can be calculated: Another approximation method to account for the confinement is to introduce a boundary which forms a bag containing quark, anti-quark, and gluons. In this bag model, the quarks move freely and relativistically, and are described by eigenmodes determined by the form and the size of the bag. The hadron spectra can be calculated and fitted fairly well to the observed values, but if we want to calculate diagrams, containing internal propagators such as annihilation diagrams we have to write down the propagators as sums over bag-model eigenmodes.' These propagators result not only in algebraic complexity but also in some ambiguity concerning the bound-state description connected with the boundary conditions imposed on the eigenmodes.
The other method to account for the confining potential is to assume an appropriate potential form; this method is known to be convenient for quantitative calculations of spectra and decay processes. The non-relativistic potential model calculations were first carried out for the heavy charmonium (CC) system just after the J/T) had b een observed. Later, the same calculations were applied to the heavier (bb) system and it was realized that the spin-dependences between the quark and the anti-quark should be accounted for a systematic description of quarkonium systems. There have been several attempts to derive the spin-dependent forces; however, in a theoretical viewpoint of quark confinement, the derivations of 
GENERAL FORMALISMS
The QCD Lagrangian for a system with quark of mass m is given by L= -:Z'r (Fp,FpV) + \fr (iyfiLd, + gypA, -m) Q d3a: 
in which T* means time ordering, and I? has the appropriate Dirac and flavor structure; the path-ordered exponential
is included to maintain gauge invariance. The four-point function can be reduced into two terms: one is the connected Wilson loop term, and the other is the annihilation contribution.
Introducing the fermion propagation function S(x, y;A)
the I becomes 
where
The double trace term is the annihilation contribution, and since we are inter- 
S(x2, xl; A) = -g2 so(z2, x~)~~A~(x~)S&~, 
where i and j refer to 1 or 2. In the center-of-mass system we have 
is related for large T limit to the static potential energy c(R) as
where E stands for Euclidean space. Since we cannot calculate the integral, we usually introduce an appropriate form of E(R) to determine the radial excitations and the spin splittings of various spectra. Therefore, it is necessary to use an approximation method to compare the integral W with those in Eq. (22). When the spatial distances rx = 1x2 -xi 1 and ry = ly: -yi 1 have large differences, as shown in Fig. 3(a) , we can assume that the energy difference between the two states is large, and the probability for mixing can be assumed to be suppressed:' If the annihilation time is not negligible with respect to the total time scale T, as in 
If ml f m2, and assuming that the corrected term is small with respect to unity,
so that there is no additional contribution. This is due to the fact that there is no linear T dependence in the second correction term. When ml = rn2 = m, V' is given by V' = 44 -&f$ /d3y;d3~K-3,2(m~,)K_3/2(mTy) (~~T~~,2.f(m m, A>,
where the integrations are to be carried out over suitable states with non-zero ~11.
Now we return to the case of the annihilation in a fixed state with the same initial and final quark mass. In this case, the first term in Eq. 
as T + 00. If we take the limit as in Eq. 
The integrations are to be carried out with fixed r, so that they represent the summation over various angular states. In order to estimate the annihilation contribution in a given state we must assume an appropriate form of E(T), and then calculate the spectra with the corrected terms included. 
